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(57) Abstract: The method is intended for the production of expanded polyolefin materials, having a coefficient of thermal conduc- 
tiviry below 40 mW/°K*m and a density below 50 kg/m 3 , by the extrusion of a polymeric material with the addition of a physical 
expansion agent. The extrusion is carried out in a twin-screw extruder with co-rotating, interpenetrating screws (12), with a ratio 
between axial separation (I) and diameter (D) of between 0.7 and 0.8 and a length/diameter ratio (LVD) between 22 and 30, and in 
which the said screws (12) have a plurality of mixing areas (back mixing) ( 1 8a-c) and a plurality of alternating pumping areas (16a-d) 
with a length ratio between mixing areas (1 8a-c) and pumping areas ( 1 6a-d) of between 65% and 75%. During extrusion, the screws 
are rotated at less than 50 rpm. 
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A method for producing " expanded polymeric materials and an 
extruder for carrying it out - 

The present invention relates to a method for the production of 
low-density, polyolefin expanded polymeric materials with a 
closed cell structure, by extruding the polymer with an added 
physical (expansion agent; and to ah extruder for carirying out 
the method. 

The most commonly used expansion agents in the production of 
low-density poiyoiefinic " foams are organic compounds including 
f lubrocarbohs , ir*XOP art i c ular saturated chloro f luorocarbons 
(CFC) and hydrochlorof luorocarbons (HCFC) and other halogenated 
hydrocarbons. Such chlorof luorocarbons are viewed as 

undesirable, however, owing to their negative impact on the 
environment and, in particular, because they are suspected of 
being responsible for destroying the protective ozone layer of 
the Earth's atmosphere and are thus being gradually phased out 
of use. Other halogenated hydrocarbons which do not damage the 
ozone layer are " 1ise^ : :; but ,r their : u6e ; as expansion agents 
involves other problems since they are highly inflammable. 

Inorganic expansion agents have been suggested to replace CFC's 
and HCFC's, such as carbon dioxide, nitrogen, argon and water, 
for example, which are not inflammable and would have little or 
no impact oh the environment. However, when such agents are 
used by themselves, as single expansion agents, it is not 
usually possible to obtain foams with the desired density, such 
as would be achieved using conventional expansion agents. 
Research in the art has thus turned towards using specific 
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expansion systems,. based f on a combination of several expansion 
agents, towards choosing polymeric .materials . with, specific 
physicial characteristics and towards the use of additives. 

U.S. Patent ^ 244 _927 describes low-density polystyrene foams 
manufactured using an expansion system, constituted by a 
combination of -carbon dioxide, a lower .^ s col^pl and water. 

U.S. Patent 5 554 661 describes closed-cell expanded ethylene 
polymer materials with a density that is v lov?e^ r ^ha^ 150 kg/m 3 , 
obtained using an ethylene pply^er v hayi.ng specific, melt, index 
and melt ( tension characteristics .and carbon dioxide _and/.or 
argon as expansion agents . . r j.,.„._ ... ... r,. 

The present invention relates on the, other hand to a : method- for 
producing expanded polyo^ef in ( - materials wi-tJv. the. desired 
characteristics of ; low density ■. and, low; thermal conductivity 
even when using singly expans ion agents such as r carbon dioxide, 
inert ,,gases or water,, thanks .to, an .. ..e^tru-sion jnethod_ having 
particular physical and mechanical, charagteris tics . 

One object of the invention is to provide a method for the 
production of expanded polyolef in materials with a coefficient 
of thermal conductivity below ; 40 mW/°K*m and a density of less 
than 50 kg/m 3 -., by extruding the , polymeric ;, material with the 
addition of. a physical expansion agent, characterised in that: 

extrusion is carried put is. a. twin-screw .extruder with co- 
rotating and interpenetrating^ screws, where the ratio between 
axial separation and diameter is between 0.7 and 0.8, the 
length/diameter ratio of the screws (L/D) is between 22 and 30 
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and in which the two cb- rotating screws have a plurality of 
mixing areas (back mixing) : and plurality of alternating 
pumping areas (transport) > with a total length ratio between 
mixing areas and pumping areas of between 65% and 75%, and in 
which the said screws are rotated at less than 50 rpm. 

The polyolef in polymers used in the method of the -invention 
include polyoleif ihs such as polyethylene , polypropylene and 
their copolymers and aromatic alkenyl polymers . The last 
include polymers: ■ of aromatic alkenyl compounds such as etyrene , 
a-methylstyrene > ethyl styrerie / vinyl benzene , vinyl toluene , 
chloirostyrene and bromo benzene. Polymers that can be used 
include small quantities of unsaturated monoethylene compounds 
such as C 2 -C 6 alkylylic acids or C4-CV dienes which can be 
copolymer ized with the aromatic alkenyl compound, such as 
acrylic acid, methacrylic acid, acrylonitrile, maleic 
anhydride, methyl acrylate, ethyl acrylate and vinyl acetate. 
Use of such copolymers is not particularly desirable, however, 
since it substantially increases raw material costs. 

The method of the invention is particularly advantageous when 
using expansion agents such as carbon dioxide, nitrogien, argon 
and helium; however the scope of the invention also extends to 
the use of aliphatic compounds such as methane,/ ethane, 
propane, n-butane, isobutane and n-pentane and aliphatic 
alcohols with from 1 to 3 carbon atoms . Also included within 
the scope of the invention is a method using conventional CFC's 
and HCFC's. The polymeric material can also include the usual 
additives used in the Extrusion of expanded materials, such as 
nucleising agents, f lame -ret ardants and colourings. Nucleising 
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agents, f used to, .-control .the dimension f pf the cells in foam, 
include in particular talc, magnesium . pxide^ calcium silicate, 
calcium atearate.. and v mixtures of citric acid and sodium 
bicarbonate-.'- " srs -v^' • j • \cv.--;> ; a . ... v. . :s. 

A further object of the invention is to provide an extruder for 
carrying . out the : method ^ desicribed . ^boye # j 0 including two co- 
rbtating, interpenetrating ^screws, characterised i in that the 
ratio : between axial separation : ( I ) ( and diameter ■ : (D) , of the. said 
screws is between 7 and ,0,. 8 while the ;; length/diameter ratio 
(li/D) is between 22 and 30, the :; screws haying 4 ,a ^plurality of 
mixing areas (back mixing) and a plurality of, alternating 
pumping areas , with the length ratio between mixing and pumping 
areas being between 65% and. 75% . 

Further characteristics and advantages of the invention will 
become apparent, from the. detailed description which follows, 
with reference to the appended drawings , showing specific 
embodiments by way of non- limitative , fxatnpl^, and in which: 

Figure 1 is a schematic sectioned view showing a series of 
components, pf an extrusion plant .for carrying put the 
invention,, - ; , . i. v . ; _ , . 

Figure 2 is a sectioned side view of a die arranged 
downstream of the components of the extrusion apparatus of 
Figure . 1 , ; . . r 

Figures 3 and 4 are sections taken . on the lines III-III 
and IV- IV respectively of Figure 2, 

Figure 5 is a front view of : the die of. Figure 2, 

Figure . 6 is a section taken on the line VI -VI of Figure 2, 
and •■ ........ 
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Figure 7 is a side elevation : of: one of: J the screws of the 
extrusion plant for carrying out the invention. ~ 

With reference to Figure 1 # a tubular extruder body is 
generally indicated 10, with, two co- rotating,, interpenetrating 
screws 127 having the characteristics described above, arranged 
in the internal icsiyity thereof . ; The polymeric material is fed 
into the cavity of the extruder in; an initial delivery area 14 
of the screw, by supply means which are not illustrated. The 
screws 12 include (see Figure 7) four pumping areas 16a, b, c 
and d spaced by three ;back^mixing areas 18a, b, and c. 

Downstream: of the first pumping area 16a (see reference number 
17) , the screws 12 preferably have an increase in core diameter 
of between 7 and 14 % and a decrease in external diameter of 
between 4 and : 8% and, downstream of the final mixing area 18c 
(see reference number IS) an increase, in core diameter of 
between 2 and 5 % and a decrease in external diameter of 
between 1 and 3 % . These variations are not immediately 
apparent from any of- Figures 1 to 7 , owing to the scale of the 
drawings and to the fact that they are relatively small . 

The material-, is melted in the initial feeder area 14 and 
transport area 16a; the expcinsion agent is preferably 
introduced into the extruder body by injector means, which are 
not illustrated, in the flow area 16b, immediately downstream 
of the first back-mixing area 18a. 

The pressure at the head of the extruder is between 200 and 280 
bar, preferably between 240 and 280 bar. It is clear that the 
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temperature ined die the extruder will be managed by the operator 
in dependence on. the specific characteristics of the polymer 
being used. 

On leaving ■ thev final flow/ pumping area 16&, the- melted 
polymeric material is fed to a static mixer/homogenizer unit 
20. This unit can be of, a known -type and -would preferably 
consist of the device described in U.S. Patent: A- 4 222 729 in 
the name of the Applicant . - , , > ::V; 

In any case, when using :the f method of the invention,- it. is 

preferable for the characteristics of the static mixer unit to 

be such that it generates ; a pressure drop of . between: 30 and 80 
.bar. : . . ... . ' ' • " • . ; : .•: \ : \ ■ :. . . ■ ■■ ^: . : • - 

On leaving the static mixer ;20, the- material is .finally fed to 
a die 22 (see Figures : 2 :^to 6), generally at a . pressure^ of 
. between 100 and 200 bar. : ^ 

The die 22 has a body 24 : with anu internal passage 26 for the 
material nto flow through,^ the ucrosa jsection .of:, the first 
portion 28 thereof (see Figures 4, 5, and 6) changing 
progressively . from a circular section ; =30 to;, a. substantially 
rectangular section 321 ; in : which one .pair t of sides 34 is 
significantly longer than the other pair of sides: 36 . 

The passage 26 has a second .portion 3 8 :, s arranged downstream of 
the first portion 28, with the cross section thereof (see 
Figure 3) changing progressively by further lengthening of the 
sides. 34 and shortening of the sides 36. •;••*- * 
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Finally, two facing lips 4 0 (see Figure 2) are arranged at the 
external outlet of the exit passage 26, which -cause a reduction 
in the flow cross section of the passage 28. 

Example I - 

A co- rotating twin screw extruder was used, with screws having 
the characteristics described earlier and a length to diameter 
L/D ratio of 24 V Further characteristics of the screws are as 
follows : 

- axial separation I: 100 mm 

- screw diameter D: 132 mm 

- available power : 75 kw. 

The polymeric material used was polystyrene with a melt index 
of between 1,7 and 1,8 g/lOmih with Vicat point above 100C° . 

The material used also included from 0 . 5 to 1.5% by weight of 
talc as nucleising agent, from 4 to 5% of a flame -ret ardant 
agent and a colouring agent. Pure carbon dioxide was used as 
the expansion agent, with different percentages of expansion 
agent being used during the trial, ranging from 2 to 5 % for 
100 parts of solid material v : u ^ 

The speed of rotation of the screws was varied during the trial 
between 18 and 25 rpm. 

Pressure at the head of the extruder was maintained at between 
200 and 280 bar, with pressure in the die between 100 and 200 
bar. 
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Panels of expantted material were detained with: 

- a width yaryiiig between : 600 and 80Q ? mm; 

- a thickness between 20, .and 60 mm; : . r 

- a density varying between 35 and 50 kg/m 3 ; 

- a cell dimension varying between 0.150 and 0.250 mm.. 

The coefficient of u thermal, qonductiyity ;;;r was. :found to vary, 
immediately after extrusion,; between values of between 26.5 and 
28 ,2 mW/°K*m. 

These variations are caused determined by the different 
percentages of expansion agent and qf nucleising agent, used. r 

At least 95% of the expanded panels which were t obtained had^ a 
closed cell structure, determined by ASTM D 2856-A. 

The productivity ratio (available power /kilogram of product) 
ranged between 0 .4 and 0 . 6 kW/kg. 

Example II .. r . ,• < ; , _ : ^ > ^ ^ - u r'--t, /j.-r-, ;.>; ■ 
A co-r;otating twin-screw extruder was .used, , with the . screws 
being of the same type as those ; used above,., with additional 
characteristics as follows: 

- axial separation I: 66 nun , ... , _ . ( . . 

- screw diameter D: 82 mm 

- available power 18 kW. 

The same polymeric. . material was used as for ..Example I , once 
again varying the quantity of expansion agent between 2 and 5%. 
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Pressure at the extruder head was varied between 200 and 280 
bar, while pressure at the die ranged between 100 and 120 bar. 

Panels of expanded material were obtained with: 

- a width of between 200 and 450 mm; 

- a thickness of between 10 and 25 mm; 

- a density of between 35 and 50 kg/m 3 ; 

- a cell dimension of between 0.150 and 0.250 ram. 
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- CLAIMS 

1 . A method for the production of expanded polyolefin 
materials having a , coefficient, of thermal conductivity, below 
40 mW/°K*m and a density of below 50 kg/m 3 , by extrusion of a 
polymeric material with the addition of a , physical expansion 
agent, characterised in that : . . 

extrusion is carried out in a twin-screw , extruder with co^ 
rotating and interpenetrating screws (12), with a ratio between 
axial spacing (I) and diameter (D) of between 0.7 and 0.8 and a 
length/diameter ratio (L/D) of between 22 and 30, and in which 
the said screws (12) have a plurality of mixing areas (back 
mixing) (18a-c) and a plurality of alternating pumping areas 
(16a-d) with a length ratio between mixing areas (18a-c) and 
pumping areas (16a-d) of between 65% and 75%, and in which the 
said screws (12) are rotated at a speed below 50 rpm. 

2. A method according to Claim 1, characterised in that, 
downstream of the first pumping area (16a) , the diameter of the 
core of the said screws (12) increases by between 7 and 14% 
while the external diameter decreases by between 4 and 8%. 

3. A method according to either of the preceding Claims, 
characterised in that, downstream of the final mixing area 
(18c), the diameter of the core of the said screws (12) 
increases by between 2 and 5% while the external diameter 
decreases by between 1 and 3%. 

4. A method according to any preceding Claim, characterised 
in that a die (22) is arranged downstream of the extruder, 
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having a body (24) j with- an internal passage (26) for the 
material to flow through, the section of the first portion (28) 
thereof changing \. from— a circular* section (30) to a 
substantially rectangulair section (32) > in which one pair of 
sides (34) is significantly longer than the other pair of sides 
(36) . ' ' ' " 

5. A method according to Claim 4, characterised in that the 
said passage (26)- has a second portion (38) /^arranged 
downstream of the first (28) , the section of which further 
changes; with the sides (34) being longer and the sides (36) 
being shorter. 

6. A method according to any preceding Claim, characterised 
in that two facing lips (40) are formed at the outlet of the 
transit passage (26) which restrict the flow cross section of 
the said passage (26) . 

7. An extruder for carrying out a method according to any 
preceding Claim, which includes two co-rotating, 
interpenetrating screws (12), the said extruder being 
characterised in that the ratio between axial separation (I) 
and diameter (D) of the said screws (12) lies between 0.7 and 
0.8 and the length/diameter ratio (L/D) lies between 22 and 30, 
with the screws having a plurality of mixing areas (back 
mixing) (18a-c) and a plurality of alternating pumping areas 
(16a-d) , with a length ratio between mixing areas (18a-c) and 
pumping areas (16a-d) of between 65% and 75%. 
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8. . An extruder^ according to Claim .7,, characterised in that, 
downstream of the y first pumping area ( : i6a):/: , the,, diameter of the 
core of the said screws < : ( 12) increases by between 7 and 14% 
while the outer diaineter . decreases. by f; bety^en 4 ; and 8%> 

9. An extruder according to Claim 7 or 8, characterised , in 
that, downstream of the final mixing area (18c) the core 
diameter of the said screws (12): increases ; by : between 2 and 5 % 
while the external diameter decreases by between .^and 3 % . 
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